Abstract: Babesiosis accounts for a high percentage of hospital cases in canines in Africa, with about 40% mortality in the cases presented. In Nigeria, records show an estimated 30% annual morbidity when diagnosis is largely based on clinical and laboratory findings. This study monitored clinical indices associated with canine babesiosis. One hundred and three babesiosis-suspected dogs were selected on the basis of clinical signs of anorexia, fever, presence of ticks, and enlarged lymph nodes or spleen when clinical parameters were recorded at the time of presentation. Parasite detection was done using thin blood smears; that is, the presence of Babesia merozoites was compared between capillary and cephalic blood. Blood was also assayed for hematology and blood chemistry using automated blood analyzers. The babesiosis-infected dogs' outcome was monitored. Data obtained were analyzed using chi-square test, analysis of variance, and Pearson's correlation. Results based on thin blood smears showed that 61.1% of the dogs were positive for Babesia species. Breed disposition, sex, and age did not significantly influence the incidence of Babesia canis, while mean rectal temperatures did not differ significantly between the cases (P>0.05). Heart rate and pulse rates of Babesia-positive dogs were significantly (P<0.05) higher than those that were negative. The packed cell volume between the cases was not significantly different, with the values in the positive and negative case obtained being 26.4% ±11.26% and 31.6%±11.9%, respectively, with a range of 6% to 50% and 10% to 47% observed, respectively. Normal leukogram was also observed in 62% of the Babesia-positive cases while 22.2% and 15.8% had leukocytosis and leukopenia, respectively. Most of the positive cases whose results were based on thin blood smear were treated with 5% oxytetracycline for 5 days and fully recovered. Pearson's correlation was used to give relationship in the observed data. This study concluded that clinical indices are not reliable markers in the diagnosis of canine babesiosis.
Introduction
Canine babesiosis, an important tick-borne protozoan disease caused mainly by both large and small Babesia species, is very endemic to different parts of the world, and presents varying clinical, hematological, and pathological manifestation depending on the species and subspecies involved. 1, 2 Diagnosis of canine babesiosis is done mainly using clinical signs, history, and identification of the parasite in thin blood smears. 3 Recently, the use of molecular means of identification through DNA extraction, amplification, and sequencing of the Babesia spp. has become a common practice in different parts of the world. 4, 5 However, in Nigeria, where Babesia canis rossi accounts for the majority of the Babesia spp. involved in canine babesiosis, 6 diagnosis of the disease is routinely done using nonspecific clinical signs and identification of the parasites on thin submit your manuscript | www.dovepress.com
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Adebayo et al blood smears, which is mainly subjective as identification depends on the expertise of the laboratory personnel. 7 With the prevalence of canine babesiosis reportedly recorded between 2% and 43.6% in all parts of Nigeria and the high cost of molecular means of identification of the Babesia spp., there is a dire need for prompt, easy, and cost-effective means of detecting this disease.
This study evaluated the sensitivity and specificity of clinical parameters associated with the diagnosis of naturally occurring babesiosis in Nigeria.
Materials and methods
One hundred and three dogs, of which 48 were males and 55 were females, of different ages and breeds, and having clinical signs suggestive of canine babesiosis, were included in this study following informed owners' consent.
The dogs were located in the southwestern part of Nigeria in three different locations (Veterinary Teaching Hospital of the Federal University of Agriculture, Abeokuta; Ministry of Agriculture, Veterinary Hospital Complex, Ita-eko; Mokola Veterinary Clinic, Ibadan, Nigeria). The inclusion criteria consisted of presence or history of tick infestation, anorexia, and any two of the following clinical signs: persistent fever, splenomegaly, anemia, hemoglobinuria, and jaundice. Excluded were dogs with a history of treatment in the preceding 3 weeks, presence of concurrent disease, or detection of Ehrlichia canis morula on capillary blood smears.
Pertinent signalment such as breed, age, and sex was noted; also recorded were other clinical parameters such as rectal temperature, heart rate, pulse rate, capillary refill time, and respiratory rates.
Blood was collected in a 5 mL sodium ethylenediaminetetraacetic acid bottle for the use of parasite detection from a thin blood smear and to determine the packed cell volume (PCV). Giemsa staining technique was employed for the thin blood smear while an automated blood analyzer was used for the PCV.
Statistical analysis
Data were analyzed using Student's t-test and were presented as mean ± standard deviation for clinical parameters and levels of plasma bilirubin, plasma proteins, and serum enzymes. Level of significance was set at 0.05. One-way analysis of variance was used for data from the Babesia positive and negative cases. Pearson's correlation coefficient was used to determine correlation between clinical parameters in the Babesia-positive case. Age and sex distribution between cases was analyzed using the chi-square test.
Results
On the basis of the thin blood smears, the overall prevalence of canine babesiosis in this study population was 61.1%. Parasite detection was observed more on cephalic (57.4%) than on capillary (34.4%) thin blood smears, while 8.2% were observed on both sites. Most observed clinical findings associated with the disease were tick infestation (86.6%), fever (57.2%), and anorexia (49%) in positive cases. In the negative cases, however, tick infestation, fever, and anorexia had percentages of 90.1%, 46.4%, and 36%, respectively. Table 1 shows the distribution of the study population using clinical parameters.
The breed distribution ( 
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Clinical monitoring in canine babesiosis of 59.1% (39/68) while puppies (<9 months old) had 64.7% (22/35), with equally no significant difference between the cases and the outcome (P=0.67; odds ratio 0.79). Mean rectal temperatures were not significantly different between cases (P>0.05) with positive cases having a mean ± standard deviation of 39.8°C±0.95°C and negative cases having 39.6°C±0.89°C. Higher temperatures (>39.4°C) were seen in positive cases (40/63) compared to the negative case (23/40). A total of 61% were pyrexic while 35% and 4% had normal and subnormal temperatures, respectively. Forty-seven-point-five percent (19/40) of pyrexic cases were males, while 52.5% (21/40) were females. Regarding the age case, 67.5% (27/40) of pyrexic cases were adults while 32.5% (13/40) were puppies. An odds ratio of 0.90 was arrived at for the relationship of pyrexia observed between adults and puppies within cases.
The study revealed significantly higher values of mean heart rate in positive case (P<0.05; 128±19.7 bpm) compared to the negative case (118±17.7 bpm) while rates >130 bpm of both heart and pulse rates were seen more often (33/63) in cases that were positive with canine babesiosis. Normal rates (90-120 bpm) were observed in 28/63 and 23/40 of Babesia-positive and Babesia-negative cases, respectively.
Conversely, the mean respiratory rates were not significantly different between those that were positive and those negative for Babesia spp. However, increased respiratory rates (>34 cycles per minute) were observed in 21/63 of positive and 14/40 of the negative cases, while decreased respiratory rates (<18 cycles per minute) were seen in 3% of the total number of cases. Approximately 62% of the total number of canines had normal respiratory rates (18-34 cycles per minute).
The PCV and capillary refill time did not differ significantly between dogs who were positive or negative for Babesia spp. The severity of anemia varied between the canines that were positive for Babesia spp.; based on the result of the variations in packed cell volume it was observed that out of the 63 dogs, 21 (34.3%), 14 (22%), eight (12.7%), and 20 (31.7%) had no anemia (>30%), mild anemia (25% to 30%), moderate anemia (18% to 24%), and severe anemia (<18%), respectively. Table 3 compares the severity of anemia observed in the positive and negative cases.
The mean PCV in the positive and negative cases were 26.4% (26.4±11.26) and 28.8% (28.8±10.5), respectively, with ranges of 6% to 50% and 10% to 47%, respectively. In the study, three out of the 63 positive cases had hypoxia and respiratory distress, while two within this case had severe anemia. Only three of the positive case had congestion of the mucous membranes. Table 4 shows variation in PCV values within the breed of dogs.
In this report, the white blood cell (WBC) count, the mean neutrophil count, and the mean lymphocyte count did not significantly differ between dogs that were positive and negative to Babesia spp. In addition, normal leukogram was also observed in 62% of the Babesia-positive cases. Approximately 22% and 15.8% had leukocytosis and leukopenia, respectively, within the positive case, as shown in Table 5 . In this report, variable leukogram was observed as Babesiapositive cases showed as normal leukogram (62%), leukocytosis (22%) and leukopenia (15.8%) in cases observed, thus, supporting the report by Di Cicco and Birkenheuer.
1 Table 6 shows breed-wise leukocytic changes in dogs. 
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Most of the positive cases were treated with 5% oxytetracycline (5 mg/kg) for 5 days and a total of 50/63 of the positive cases recovered, while eleven dogs died. Of the positive cases, three were treated with a combination of berenil (3.5 mg/kg) and oxytetracycline (5 mg/kg) or doxycycline (5 mg/kg); 44/63 were treated with only oxytetracycline of 5% or 5.5% concentration. Out of the 44/63 cases treated with oxytertacycline (5% or 5.5%) alone, a mortality of seven was recorded.
One-way analysis of variance showed a value of 0.34, revealing no significant findings between the PCV values in both cases. However, the PCV in the positive case on the basis of the Pearson's correlation table (Table 7) showed a significant positive correlation (0.005) with temperatures of affected dogs and a negative nonsignificance (-0.462) with heart rate. Table 7 shows that the rectal temperatures of the dogs infected with Babesia spp. were positively correlated to the PCV (P=0.005, r=0.358) and negatively correlated to the WBC counts (P=0.003, r=-0.390). However, the PCV was negatively correlated to WBC counts (P=0.009, r=-0.342). Total plasma protein level was significantly and positively correlated to plasma albumin (P=0.000, r=0.763) and globulin (P=0.000, r=0.775) levels but negatively correlated to total bilirubin level (P=0.000, r=-0.550). Also, the plasma globulin level was significantly and negatively correlated to total bilirubin level (P=0.000, r=-0.600).
Discussion
From this study, clinical findings such as tick infestation, fever, and anorexia were most commonly observed in both 
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Babesia canis vogeli infection in Greyhounds was observed, [12] [13] [14] while American Staffordshire Terrier and American Pit Bull Terrier breeds had 15% to 93% seropositivity. [14] [15] [16] Furthermore, a study conducted in 2009 showed that prevalence was highest in crossbreeds and lowest in Doberman. 17 In this study, Alsatian and Rottweiler breeds were overpresented as 58.8% and 55%, respectively, while only one indigenous breed was presented and positive for Babesia infection.
For the sexes, outcome observed for positive males and females was 65% (31/48) and 55% (30/55), respectively, with an 1.20 odds ratio of male dogs having the disease more than females. Bashir et al stated that the odds of canine babesiosis were 2.63 times higher in male than female dogs, 17 which is similar to this study. Furthermore, it has been suggested that male dogs were more prone to the disease than the females due to bite wounds and blood transmission during fighting among male dogs. 11, 17 Inasmuch as the fact that blood transmission of canine babesiosis has not been established in Nigeria, there is a probability that this could occur. In addition, Babesiapositive cases were observed in 65% males and 55% females.
For susceptibility among ages, 57.3% (39/68) and 62.8% (22/35) were positive among adults and puppies, respectively, while the odds ratio was 0.79; P>0.05. This result agrees with an earlier report which stated that age does not have any influence on the animals' susceptibility to the disease. 8 In addition, nonspecific or innate factors (genetics or age) possessed by the host act as natural protective elements; 9, 10 that is, the immunity of an individual could be primed to withstand or be susceptible to a disease challenge at a particular point in time.
Other clinical parameters, such as pulse and heart rates, in the positive case gave significantly higher values compared to the negative case, and this could be due to the cardiac pathology reported in cases of canine babesiosis; also the heart rate of dogs that were positive to Babesia parasites was significantly higher than (P<0.05) those that were negative for the parasite. Increased heart rate was reported as a common finding in uncomplicated canine babesiosis. [18] [19] [20] [21] [22] Based on the study, in the positive cases, a higher number of dogs were observed to have severe anemia (31.7%) and normal packed cell volume (33.3%) when compared to those with moderate or mild anemia. While the presence of anemia in this study supports the reports by Lobetti 2 and Zygner et al, 4 variable hematology was observed in both positive and negative cases and the presenting state of the dog could account for this result. Also, factors such as nutrition or the presence of unidentified causes during investigation using thin blood smears could account for this result. The Pearson's correlation shown in Table 7 reveals that the temperature of dogs positive for Babesia spp. was significantly correlated with the PCV (P<0.05). This agrees with reports stating significant correlation between body temperature and heart rate, red blood cell count, PCV, and platelet count. 22 In addition to this study, the body temperature of dogs positive to the Babesia parasite showed negative correlation with WBC count from positive dogs (P<0.05).
Conclusion
Canine babesiosis with a prevalence of 61% appears to be a common cause of illness among the dog population in Nigeria. Commonly determined physiological parameters such as temperature and respiratory rates did not change significantly between Babesia-positive and Babesia-negative dogs, which suggests that these parameters are not sensitive indicators for monitoring canine babesiosis, however, pulse and heart rates appear to be positive and sensitive indicators. Hematological tests that determine PCV and WBC counts are often performed in the diagnosis of canine babesiosis. In this study, both PCV and WBC counts are not sensitive indicators for monitoring the progression and prognosis of babesiosis in dogs.
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